The most precise realization of inertial reference frame in astronomy is the catalogue of 212 defining extragalactic radiosources with coordinates obtained during VLBI observation runs in 1979-1995. IAU decided on the development of the second realization of the ICRF2 catalogue. The criteria of best sources selection (in terms of coordinates stability) must be defined as the first aim.
INTRODUCTION
The modern International Celestial Reference System (ICRS) is based on the positions of specially selected compact extragalactic radio sources (quasars, active galactic nuclei (AGN), and blazars). The system axes are concerted with the axes of the FK5 system, and the system origin is located in the solar system barycentre (see Zharov (2006) ). The physical realization of the ICRS is the International Celestial Reference Frame (ICRF), which is realized as catalogue of 608 reference extragalactic radio sources, Ma (1998) , most of them are quasars.
The catalogue is based on the observations on the very long baseline interferometers (VLBI), made for the period 1979-1995.
The sources have been distinguished as: "defining", "candidates", and "others". It was supposed that "defining" sources to be pointlike objects, they are unresolvable at the interferometric baselines with the length compared with the Earth diameter. Their positions were determined with the best current accuracy, the coordinate errors were of the order of 0.25 mas. Therefore, these sources are used to define the ICRF axes. The coordinate stability of "defining" sources guaranteed the stability of the orientation of the ICRF axes in the space. The "candidates" and "others" sources were included into the catalogue for more dense filling of the celestial sphere and also to link the ICRF to the optical catalogues.
The catalogue of the radio sources, Ma (1998) , was published more than 10 years ago.
During the past period it was carried out new observations of the references radio sources.
The duration of the observations for several of them is about 30 years, therefore it was appeared a proposal to revise the list of sources and also to elaborate new criteria to select the best (the most stable) sources to construct new celestial reference frame.
Taking in account all new ideas on the XXVI General Assembly IAU it was made a decision on a new catalogue ICRF2. The main method to realize this catalogue was based on the kinematical principle, Kovalevsky (1995) . In other words, to built the reference system we suppose the apparent motions and objects parallaxes to be neglected. But this assumption is not acceptable anymore. According the modern observations, MacMillan (2003) , the reference quasars and other objects possess large angular velocities, the apparent velocities of their motion can sometimes exceed the speed of light.
There are two reasons of such motion. The first one is that there are some kind of motions Cosmological and kinematical criteria for the ICRF2 sources selection 3 inside the source. The second one is that the light (radio waves) is refracted propagating from a source to an observer. The refraction does not depend on the wavelength. The achromatic refraction is the usual property of gravitational fields, so we first briefly analyzed the hypothesis that the apparent motions of the ICRF sources are due the effect of weak gravitational microlensing by stars and dark objects in the Milky Way (see, for instance Sazhin (1996) ; Sazhin et al. (1998 Sazhin et al. ( , 2001 ); Belokurov, Evans (2002) ). But our estimations showed that weak microlensing can not explain so numerous apparent motions of quasars.
The more realistic opportunity is that there are the motions inside the sources. In this case the more appropriate model is the Blandford-Rees model, Blandford, Königl (1979) ; Begelman, Blandford, Rees (1984) . The main idea is that the quasars and AGN -objects represent the system of a massive black hole and jets. The optical radiation is formed in black hole accretion disk while the radio emission is formed into the jet, at some distance from the optical source.
Initially the Blandford-Rees model has been elaborated to explain the observed superluminal motions in well resolved radio sources which have not been included in the ICRF list.
But it also successfully works for radio sources from the ICRF list. The simulations done by our group showed the good agreement between the model and observational data by example on several sources from the ICRF list, Zharov et al. (2009) . The main idea of this model is that optical emission and radio emission are emitted from spatially separated regions. The indirect confirmation of this idea is measurements of optical positions of the ICRF sources and comparison of these positions with radio positions of the same sources Zacharias et al. (1999); da Silva Neto et al. (2002) ; Assafin et al. (2003 Assafin et al. ( , 2007 . Though the authors of cited papers explain these difference by systematic errors, it is possible to assume the real effect which depends on the structure of the ICRF sources. We will discuss it briefly.
The apparent motions of the radio sources (quasars) occur at bounded angular scale of the order of distance between radio source and corresponding optical source. In linear scale it corresponds to several hundred ps or kps. The size of the radio source (the so-called "hot spot" in jet) is much smaller. This spot can move with relativistic speed. It leads to high speed or even superluminal apparent motion of the radio source on the sky.
The spot motion is interpreted as radio source motion, and exactly these motions cause the nonstationarity of the coordinate system based on extragalactic sources.
We estimated ) a range of the motions and predict them. The larger the range the larger the apparent angular motion of the radio source on the sky and therefore the less stable the coordinate system based on such sources.
Thereby to improve the coordinate system stability we have to choose as remote sources as possible. It is correct in the euclidean space: the more remote a quasar, the less the angular scale of its apparent motion. In the Friedmann model of expanding Universe it is not correct. Quasars are extragalactic objects and have to be considered in the modern cosmological model of expanding space-time.
In expanding Universe angular scale of an object decreases as this object is receding away from an observer. Then it reaches some minimal size, and begins to increase again. The distance at which an object has the minimal angular size in the Standard Cosmological Model corresponds to the redshift z = 1.63. Therefore sources are located nearby this distance have the minimal angular size of their apparent motions.
The main aim of this work is to produce a list of radio sources which are optimal for formation of the most stable coordinate system. We use two criteria to choose the appropriate sources.
The first one we introduce as cosmological criterion. Let us choose the group of sources located nearby the optimal value of redshift z opt = 1.63. We consider the uniformly distributed group of sources having their intrinsic motions at the scale L. These motions account for change of the brightness center position and therefore for coordinates stability loss. Depending on the distance to the source these changes lead to different angular motions. There is the value of redshift z opt = 1.63 when the angular motions are minimal. Therefore the first criterion to choose the sources is to identify sources which belong the redshift interval
We choose an interval ∆z 1 + ∆z 2 and compile a list of all sources inside this interval.
The second criterion is defined by the intrinsic motions in source. Let us consider the source as a black hole surrounding by accretion disk and having two jets with opposite directions. The black hole is precessing, therefore the jets are precessing too. As a result of this process an observer sees the motion of a "hot spot" on the celestial sphere or variation of right ascension and declination . In addition, a cloud of interstellar medium could penetrate into the jet (or jet to run accross a fixed cloud due to precession), that leads the cloud to be accelerated and produced radio emission. The brightness center of the system of the "hot spot" and accelerated cloud will begin to shift.
The precession motion of the jets occurs with small angular velocity according to the Therefore, the second criterion is exclusion of sources with second derivatives and compilation the list of the ICRF2 with fixed sources or sources with linear motion.
We also compared our list of "good" candidates with the list made by Feissel-Vernier (2006) .
ANGULAR SIZE OF AN EXTRAGALACTIC SOURCE
Accuracy of an extragalactic source position determination is defined by several characteristics of the source. One of the most important is internal size or brightness distribution over the source area. A median angular size of brightness distribution determines roughly accuracy of location of this source. Therefore, common prejustice is: the farther source the smaller its angular size. This idea comes from Newtonian physics which is not valid in the expanding Universe.
The angular size in the FRW Universe changes as follows. It is decreased while the distance to source is increased to some redshift z opt value and starts to increase behind z opt up to infinite value of redshift.
In the expanding Universe the angular size of a distant object is defined according to usual equation, Weinberg (1972) :
here L is the size of the object and D A is "the angular size distance". This definition is in exact correspondence with euclidean definition. But here D A does not correspond to physical distance to the source (measured for instance, by the light travel time). Angular size of an extragalactic source as function of its redshift has minimum.
2.1
The Standard ΛCDM cosmological model.
The background space-time we consider in this paper corresponds to the Standard cosmological model with the FRW metric and the cosmological constant Λ. The background metric is that of the spatially flat expanding Universe,
The scale factor a(t) is determined by the Friedmann equation, which can be written as follows,
where H 0 is the present value of the Hubble parameter, a(t 0 ) = a 0 = 1 is the present value of the scale factor, dot denotes the derivative with respect to cosmic time t, Ω m is matter density Cosmological and kinematical criteria for the ICRF2 sources selection 7
We choose the sign "minus" as corresponding to light rays traveling from a source to an observer. Therefore, the light ray emitted at the moment t e by the source will be detected by an observer at the moment t o while light requests time to travel distance r c :
Instead of cosmic distance one have to introduce angular distance according to definition (2, see below) and these distances are not equal.
2.3 Angular size of source in the Standard ΛCDM cosmological model.
In order to understand the main physics of the phenomenon, we start from the simplest case, that a source with physical size L is observed at different distances.
Angular size of the source is determined by the equation, Weinberg (1972) :
where a(t e ) is the scale factor at the moment of light ray emission and r c is the cosmic distance to the source. One can introduce redshift of an epoch t e as
, and rewrite equation for D A = a(t e )r c in terms of redshift z:
Angular distance D A increases proportional to redshift for small z ≪ 1:
and start to decreases for large z ≫ 1:
Therefore, angular distance has maximum at some redshift. The value of redshift in maximum angular distance we designate as z opt and it depends on the cosmological parameters (see fig.1 ). Apparent angular size of the source has minimum in the same redshift ( fig.2 ).
If we choose WMAP only recommended parameters maximal value of angular distance is at z = 1.66, and an object located at this distance with physical size of about 1 pc is subtended by an angle θ = 117 µas. This is minimal angular size of an object, while the angular size is inversly proportional to distance and it starts to increase as z > 1.66.
If we choose WMAP + BAO + SN recommended parameters maximal value of angular distance is at z = 1.63, and an object located at this distance with physical size of about 1 pc is subtended by an angle θ = 116 µas. This is minimal angular size of an object, while the angular size is inversly proportional to distance and it starts to increase as z > 1.63. We have to mention also that WMAP + BAO + SN variant provides us with more precise global cosmological parameters.
We have to add also a bit on the propagation of errors so that 2.4 Distribution of the ICRF sources and the "cosmological" criterion of selection.
Let us examine source choice by the cosmological criterion. The simplest way is to draw a line on the Fig.2 which lies above the minimal value θ min and to choose the sources inside made well. The only question is that about the level to draw it. In order to define the level let us make a histogram of distribution of the ICRF sources according their redshifts. We have to mention that some of the ICRF sources have unknown redshift. Therefore the histogram (see Fig.3 ) contains 424 sources. From the figure we conclude that for small values of redshifts the number of sources changes weakly. This fact is
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But their apparent angular motions strongly exceed apparent angular motions of remote ones. To correct selection effect we have to take into account the angular scale factor.
To take it into account one can draw the weighted histogram which is the production
The "weight" is angular distance from an observer to a source D A . Using this weighted histogram one can immediately see the best value of the redshift to make selection (see Fig.4 ). If redshift is less than z = 0.8 then the normalized quantity N(z) · D A decreases sharply. Therefore the value z = 0.8 can be selected as the low boundary of the interval.
Note that for z = 0.8 the growth of an apparent angular size of a standard object is 30%.
The corresponded horizontal line drawing in Fig.2 intersects the curve θ(z) at z ≈ 3.0.
The value z ≈ 3.0 is important in the Universe history. This value corresponds approximately to the re-ionization of He II and change intergalactic medium and conditions of quasars observations, their spectra and other properties of these objects, Doroshkevich Begelman, Blandford, Rees (1984) . It is worth noting that there are evidences of compact radio source existing. Its location coincides with a black hole position, Jackson, Jannetta (2006) . If some of the ICRF sources are compact and possess the radiation from black hole horizon or coronal regions then these sources are almost stationary, without any apparent motions. They satisfy complitely the kinematical principle, Kovalevsky (1995) and therefore these sources holding the constant coordinates are the best set for astrometric tools while other radio sources with inertial apparent motions (with velocities close to the speed of light)
are "hot spots" in jets.
In the paper Zharov et al. (2009) the BR model has been considered with regard to the ICRF sources. Quiet radioquasar jet was treated as stationary structure. Distribution of brightness over jet was stationary. The maximal brightness region was identified with the "hot spot" which was considered as a radio source. Position of the spot was associated with the ICRF source position on the celestial sphere.
Note once more that if jet is stationary or the ICRF source is compact one and lies near black hole horizon, then this ICRF source is treated as stationary and can be considered as the "standard ICRF source".
However jet can precess that leads to source motion. Jet represents the high temperature plasma moving with very high velocity comparable with the speed of light. If the motion has small angle in an observer direction, the source apparent motion can be faster than the speed of light. The simplest model of stationary jet motion is motion due precession. For the realistic periods of jet precession P ∼ 1000 ÷ 10000 years the velocity of apparent motion of the ICRF sources is 10 ÷ 20 µas/yr.
As far as precession periods of the sources are significantly larger than time of observation, their motions can be treated as linear and predictable with high accuracy for time interval of 10 ÷ 30 years.
Here we have to mention that precession velocity Ω for relativistic jets is almost constant.
This experimental fact comes from the observation of binaries in the Milky Way. The black hole system in the object SS433 (some astronomers call it as microquasar) was observed during interval of 30 years. This system is in good agreement with BR model: a black hole of stellar mass surrounded with accretion disk and two jets from polar regions. Jets are precesing, the observed precession period is 162 days that is significantly less than a supermassive black hole precession period. So, quasar differs from SS433 in mass of black hole and precession period only. Other properties are similar to BR model.
The precession period stability is 5·10 −5 and the "glitches" do not exceed 6 % Davydov et al., (2008) . This way one can expect that the supermassive black hole precession stability would be at the same order of magnitude and therefore the predictability of jet motions in the ICRF sources is as high as 6%.
In The errors consist less than 10% from the average shift. From our point of view the significant difference between optical and radio source positions indicates that the BR model is appropriate for our purposes.
Taking into account all reasons we assume that the position difference does not due systematic errors. It is real physical effect.
We used the list of angular distances between optical and radio components from the papers listed above to estimate the physical distances from jet beginning to "hot spot" and to calculate average values of the distribution of the physical distances. One can draw the distribution of physical distances obtained from the observational data (see Fig. 6 ). As far as the sources number is not very large, the systematic errors due to small sampling are big enough, but they are convenient for our purpose to define the type of distribution function (it is similar to gamma distribution function).
Propagation of the corresponding errors provides us with error of individual measurements of the order of 16 µas.
Recently we have discussed (see Zharov et al. (2009) ) the apparent motion of astrometric radio sources. Taking into account the fact that many of the ICRF sources demonstrate apparent superluminal motion, we have concluded that such sources are plasma clouds or jets. We also have estimated the consequent precession periods. For sampling of 6 sources the period belongs to interval from thousand to several thousand years.
It is easy to calculate the apparent motion of "hot spot" in jet of found size and precession period T . The velocity is about ∼ 2πR/T . For periods of the order of thousand or several thousand years the velocity is close to the speed of light or even exceed it.
The angular velocity of source motion can be also easy estimated. For a source belonging to the redshift interval z ∼ 0.8 ÷ 3.0 one can recalculate physical distance to angular one as follows:
which for the object size of 500 pc gives angular size ∼ 60 mas. For the precession period from the interval 1000 ÷ 10000 years the corresponding angular velocities will be 6 ÷ 60 µas/yr. Now we will discuss one more criterion for source selection, "kinematical" one.
In the frames of the BR model we consider several types of source motions. The first one is the precession motion of jet. The second one is acceleration of clouds of interstellar medium, which penetrate into jet time to time. The radio source brightness center begin to move with acceleration. Ordinary time intervals when cloud acceleration occurs is from three to ten years. During this time interval sources demonstrate accelerated motion.
This kind of radio sources we consider as "bad" ones because of the following reason.
The process of cloud penetration into jet and its acceleration is stochastic process and its beginning is almost unpredictable.
The sources which are stationary ones during all observational time or having only linear uniform motion we consider as "good". Characteristics of such motions will not change during long time interval.
Therefore we have to choose into the ICRF list only sources with uniform and linear motion. This criterion we call "kinematical".
During observational time period (∼ 30) of the ICRF sources "hot spot" will pass negligibly small part of its whole path and therefore for an observer it will look like uniform and linear motion.
We used code ARIADNA elaborated by (Zharov 2009 ) to analyze the VLBI data. As the result of analysis we got time series and polynomial approximation of source coordinates as function of time:
here t is the years from epoch J2000.0
We select sources which time series have only zero and first power significant coefficients and call them as "good" candidates. We eliminate sources with quadratic and cubic significant coefficients and call them as "bad" candidates.
After selection of sources as "bad" and "good" according the "kinematical" criterion we obtained the final list of 137 sources (Table 1) . Zero power coefficients in time series of polynomial approximation were used for calculation of correction to the ICRF coordinates at J2000.0, and linear coefficients were used for calculation of proper motion of the sources.
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The table contains 12 columns. The first column is number of the ICRF source. The second one is right ascension at J2000.0, the third column is declination of the source at J2000.0.
The 4th column is redshift of the source and the 5th column is type of the source. QSO is quasar type sources, BLL is BL Lacertae type sources, AGN is Active Galactic Nuclei type sources. In the case of AGN type sources we check optical image of the source and select only point-like sources. The 6th and the 7th columns are errors of right ascension and declination in milliarcseconds, the 8th and 9th columns are proper motion along right ascension and declination respectively in observer's plane in units mas/year, and the last (10th) column is flag of motion. If this flag exists, the source is moving otherwise the source is fixed. Flag 2 means that source is moving at 2σ confidence level. Flag 3 means that source is moving at 3σ confidence level.
We compared our list of "good" sources with "good" source list of Feissel-Vernier (2006) . 
CONCLUSIONS
The main conclusion concerning the selection of new set of the ICRF sources is that it is necessary to use astronomical and statistical criteria. The astronomical criteria mean sources to be bright, uniformly distributed into the sky sphere and so on.
In the present paper we considered several propositions for additional principles to formation of new ICRF catalogue. As source selection criteria we discussed two ones, "cosmological" and "kinematical". Their physical meaning is clear. It is based on the assumption that the apparent motions of quasars (for angular shifts at hundred µas) are related with real motion inside these radio sources. Therefore angular shift corresponds to some physical shift of "hot spot" inside radio source. It leads to two simple criteria. The first one is that we have to select sources at redshifts which corresponds to minimal angular shift. The second one is that we have to choose well known and predictable motions for long time interval.
From these two criteria we found the optimal redshif interval 0.8 z 3.0, at that we have to choose sources. We also chosen the linear motion as the most simple and predictable physical motion.
Certainly these two criteria are no dogma. So, in the first article, Zharov et al. (2009), we found several sources, for example, 1150 + 497 ("defining"), 1738 + 476 ("candidate"), which do not belong to interval 0.8 z 3.0 but demonstrate the high quality properties by statistical selection criterion. It may be related with small precession velocity. It leads to "hot spot" way to be significantly less than the corresponding way of source being even in "good" redshift interval. Without any doubt these sources have to be included in future catalogues. In this sense we can call our criteria as "sufficient" but not "necessary".
In addition one has to include into the principles of catalogue formation not only source coordinates but also their linear velocities. The modern accuracy of coordinate observations by the VLBI is so high that a part of radiosources has apparent proper motions, which are not related with motion of central massive object, and are related with "hot spot" motion of the radiosource, which produces radio emission. 
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